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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the active material of the nickel 
electrode for alkaline batteries used for nickel and a hydrogen battery, a nickel cadmium battery, etc., and the 
nickel positive electrode using it. 
[0002] 

[Description of the Prior Art] In recent years, it is anxious for the rechargeable battery which is high-energy 
density and was moreover excellent in the cell property under elevated-temperature atmosphere with the 
explosive spread of information machines and equipment, such as a cellular phone, and PHS, a note type 
computer. Moreover, development of a rechargeable battery with high-energy density new also as a power 
supply for electric vehicles is demanded, and the cell suitable for use in a broad temperature atmosphere is 
demanded, in order to meet such a request, in the field of a nickel cadmium battery (henceforth a nickel- 
ccadomium battery), high capacity-ization of the nickel-ccadomium battery using the conventional sintering 
formula nickel positive electrode should progress, and be fastidious - the nickel-ccadomium battery of high- 
energy density using the foaming metal formula nickel positive electrode which is 30 - 60% high capacity of 
twists is developed Furthermore, the nickel and the hydrogen battery high capacity [ nickel-ccadomium battery ] 
which used the hydrogen storing metal alloy for the negative electrode are developed. This nickel and hydrogen 
battery have the capacity more than the double precision of the nickel-ccadomium battery which used the 
sintering formula nickel positive electrode. 

[0003] These high capacity alkaline batteries have filled up the sintering formula nickel porous body, or the 3- 
dimensional foaming nickel porous body and nickel fiber porous body of high porosity (90% or more) with 
nickel hydroxide powder with high density in order to raise the energy density of a positive electrode. 
Consequently, it of the latest sintering formula nickel positive electrode improves to 450 - 500 mAh/cm3 to the 
energy density of the conventional sintering formula nickel positive electrode being 400 - 500 mAh/cm3, and it 
of a foaming metal formula nickel positive electrode is 550 - 650 mAh/cm3. However, in common, although the 
energy density near ordinary temperature is high in these nickel positive electrodes, there is a problem of a low 
in the energy density in elevated-temperature atmosphere in them. This cause is for an oxygen-evolution 
reaction to become easy to occur simultaneously with the reaction nickel hydroxide is charged by whose oxy- 
nickel hydroxide, when it charges under elevated-temperature atmosphere. That is, nickel hydroxide is not folly 
charged by oxy-nickel hydroxide by the oxygen-evolution reaction in a positive electrode, but it is because the 
utilization factor of nickel hydroxide falls. 

[0004] The following methods are proposed in order to solve this problem. 

(1) How to add cadmium-oxide powder and cadmium-hydroxide powder all over a positive electrode. 

(2) How (JP,61-104565,A) to make a cadmium oxide contain inside nickel hydroxide powder. 

(3) How (JP,4-248973,A) to make the compound of an yttrium, an indium, antimony, barium, or beryllium 
contain all over a positive electrode. 

[0005] The above (1) and the method of (2) tend to raise the utilization factor of the nickel hydroxide under 
elevated-temperature atmosphere by making nickel hydroxide powder contact or making a cadmium oxide exist 
in the interior of nickel hydroxide powder. According to this method, the utilization factor of the nickel 
hydroxide under elevated-temperature atmosphere is about 80%. In order to raise further the utilization factor of 
the nickel hydroxide under elevated-temperature atmosphere, it is necessary to increase the addition of the 
cadmium oxide to the inside of the interior of nickel hydroxide, or a nickel positive electrode. However, 
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although the utilization factor of the nickel hydroxide under elevated-temperature atmosphere can be improved 
to about 90% by increasing the addition of a cadmium oxide, there is a problem that the utilization factor of the 
nickel hydroxide near ordinary temperature falls conversely. Moreover, the nickel and the hydrogen battery 
which does not contain the cadmium which is heavy metal attract attention from a viewpoint of an 
environmental problem in recent years. Therefore, use of the nickel positive electrode which added the 
cadmium oxide is not appropriate for nickel and a hydrogen battery. 

[0006] Compounds, such as an yttrium, an indium, and antimony, stick to the front face of the nickel oxide 
which is an active material, and the method of the above (3) increases the overvoltage of the oxygen evolution 
which is the competitive reaction in the charge under elevated-temperature atmosphere, raises the charging 
efficiency to the oxy-nickel hydroxide of nickel hydroxide, and expects the effect which raises the utilization 
factor under elevated-temperature atmosphere. However, even if it only applies this method, the effect to which 
the distribution state of the additive under paste was uneven, and answered the aforementioned expectation is 
not fully acquired. Since a lot of additives were needed in order to acquire an actual effect, it had become the 
hindrance of high-capacity-izing of a cell. 
[0007] 

[Problem(s) to be Solved by the Invention] this invention solves these problems and aims at offering the nickel 
hydroxide active material of the nickel electrode which can attain the farther high-capacity-izing and further 
reinforcement of an alkaline battery. 
[0008] 

[Means for Solving the Problem] By regulating the amount of a sulfuric-acid solution paying attention to the 
electrode characteristic and functionality having the amount of the impurity sulfuric-acid solution in the 
impurity contained in the nickel hydroxide powder which is an active material, especially the nickel hydroxide 
powder produced from the nickel sulfate (S042-), this invention improves the charging efficiency under the 
elevated-temperature atmosphere of nickel hydroxide, and is based on having found out that an effect was 
moreover in reinforcement. The nickel electrode active material of this invention consists of nickel hydroxide 
powder made from the nickel sulfate, and is characterized by S042- contained during the crystal being below 
0.4 % of the weight (it only expressing with % below.). As for the nickel hydroxide used here, it is desirable 
that it is the solid solution which dissolved cobalt, cadmium, zinc, and at least one sort of elements chosen from 
the group which consists of magnesium. According to this invention, the utilization factor of the positive active 
material under elevated-temperature atmosphere can improve, and the fill of the nickel hydroxide equivalent to 
the decrement of the conventional additive can be increased. Consequently, an usable highly efficient alkaline 
battery can be offered under a broad temperature atmosphere. 
[0009] 

[Embodiments of the Invention] The nickel hydroxide used for this invention can be obtained by making alkali, 
such as a sodium hydroxide, react to nickel-sulfate solution. In nickel-sulfate solution, it is desirable to add 
ammonia as a complexing agent beforehand. Moreover, in order to obtain the nickel hydroxide which dissolved 
elements, such as cobalt, the method of adding the salt of the element which is going to make nickel-sulfate 
solution usually dissolve [ cobalt sulfate ] is taken. In this way, in order to remove a sulfliric-acid solution from 
the nickel hydroxide obtained considering a nickel sulfate as a raw material, it can attain by processing with 
alkaline-water solutions, such as a sodium hydroxide. The grade of removal of a sulfuric-acid solution is 
controllable by pH of the alkaline-water solution used for this processing, the processing time, the number of 
times of processing, etc. 

[0010] If the amount of S042- contained during the crystal of the nickel hydroxide powder obtained as 
mentioned above decreases, the disorder of the crystal of nickel hydroxide will decrease, and a crystal will 
become uniform, therefore the electrochemical reaction by charge and discharge will come to occur uniformly. 
Moreover, if a crystal growth becomes uniform, a defect and disorder will also decrease and it will be thought 
that conductivity also improves. Drawing 1 shows the amount of S042- contained during a crystal, and the 
relation of the intensity of the field diffraction line in an X diffraction (001). It turns out that the intensity of the 
field (001) diffraction line of a nickel hydroxide crystal will become large if the amount of S042- decreases so 
that clearly from drawing 1 , and disorder of the crystal of the direction of a field (001) decreases. Drawing 2 
shows the model of the crystal structure of nickel hydroxide. S042 which exists in a nickel hydroxide crystal - 
By thinking that it exists as mainly shown in drawing, and reducing the amount of S042-, compared with 
conventional nickel hydroxide (001), the crystal growth of the direction of a field is excellent, and the 
homogeneity of the crystal of the direction of a field (001) increases. Disorder of the crystal of nickel hydroxide 
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is considered that were few and the conductivity of the crystal of nickel hydroxide itself improved. 
[001 1] Moreover, since there is little disorder of a crystal, it is surmised that the reaction from nickel hydroxide 
to oxy -nickel hydroxide also occurs uniformly. It is thought that especially the oxygen-evolution reaction 
(formula 2) that is competitive reaction with the charge reaction (formula 1) from nickel hydroxide to the oxy- 
nickel hydroxide which influences the charging efficiency under elevated-temperature atmosphere can be 
suppressed improving the conductivity of nickel hydroxide and by making a charge reaction uniform, and its 
charging efficiency improves. Moreover, by performing a charge-and-discharge reaction uniformly, generation 
of the gamma type oxy-nickel hydroxide by the surcharge of an active material is suppressed, and stops the 
swelling of an active material etc., and its life property improves. 
[0012] 

G 7 ormula 1] 
i(OH) 2 + OH- 

- NiOOH + H z O + b"~ (1) 
20H- - 1/2. 0 2 + H 2 0 + 2e~ ( 2 ) 

[0013] An oxygen-evolution overpotential becomes it high that it is the solid solution to which nickel hydroxide 
dissolved cobalt, cadmium, zinc, and at least one sort of elements chosen from the group which consists of 
magnesium according to the effect and the synergistic effect of each dissolution element, an oxygen-evolution 
reaction is suppressed, and the charging efficiency under elevated-temperature atmosphere improves further. 
Thus, by using the nickel hydroxide powder of this invention, it becomes possible to offer an usable long lasting 
alkaline battery at broad temperature. 
[0014] 

[Example] Hereafter, the example explains this invention. 

«example 1» The nickel hydroxide used for this example was produced by mixing and agitating nickel- 
sulfate solution and sodium-hydroxide solution. For stabilization of metal ions, such as nickel ion, ammonia is 
added as a complexing agent in nickel-sulfate solution. We carried out the alkali treatment of the nickel 
hydroxide produced on the same conditions as mentioned above in the sodium-hydroxide solution of pH 
different, respectively, and decided to remove and rinse anions, such as a sulfate ion in nickel hydroxide, and to 
use the dry thing for an experiment. The S042-content of nickel hydroxide is controllable with time to perform 
an alkali treatment in the sodium-hydroxide solution of pH 13.0-14.0, the number of times, etc. The S042- 
content of the nickel hydroxide which does not perform an alkali treatment was 1.0 - 1 .2%. The mean particle 
diameter of these nickel hydroxide is about 10-micrometer spherical. Table 1 shows the amount of S042- of the 
nickel hydroxide used for the experiment. In addition, the amount of S042- used what was converted from the 
amount of sulfur (S) by ICP AEM, and the thing which carried out the fixed quantity by the ion 
chromatography. The difference was found by not both analysis results. 
[0015] 

[Table 1] 



No. 


S0 4 2 " (.%) 


1 


0.0 5 


2 


0. 2 


3 


0. 3 


4 


0. 4 


5 


0. 5 


6 


0. 8 


7 


1. 0 



[0016] The nickel positive electrode was produced as follows. The nickel hydroxide powder and cobalt powder 
which were produced in the top, cobalt hydroxide powder, and zinc-oxide powder were mixed at a rate of 
100:7:5:3 by the weight ratio. Water was added and kneaded into this mixture, and it was made the shape of a 
paste, and was filled up to the letter nickel porous body of foaming of 95% of porosity, and surface density 450 
g/cm2 which is a base material, and the nickel positive electrode which cuts in a predetermined size (thickness; 
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0.5mm/width-of-face; 35mm / length; 1 10mm), and has the geometric capacity of 1000mAh(s) was produced 
s after dryness and pressurization. Next, the closed mold nickel and the hydrogen battery of AA size in which cell 
capacity has the geometric capacity of 1000mAh(s) regulated in the positive electrode were constituted using 
the positive electrode produced as mentioned above. The structure of the produced cell is shown in drawing 3 . 
Ten express a group of electrode among drawing. This group of electrode circles in the sulfonated 
polypropylene separator which was made to intervene between the negative electrode 1 1 which used the 
hydrogen storing metal alloy (MmNi3.6Co0.7Mn0.4aluminum 0.3, Mm; misch metal), the nickel positive 
electrode 12 produced as mentioned above, and two poles in the shape of a whorl, and is inserted in the case 14 
which serves as a negative-electrode terminal. After specific gravity pours the alkali electrolytic solution which 
dissolved the lithium hydroxide in the potassium-hydroxide solution which is 1.3 at a rate of 20g/l three times 
2.0cm in the aforementioned group of electrode, the obturation board 16 equipped with the relief valve 18 and 
the terminal area 19 obturates the case 14. The positive-electrode charge collector to which the electric 
insulating plate with which 15 insulates a group of electrode and a case, and 17 connect a gasket to, and 20 
connects a positive electrode 12 and the obturation board 16 electrically is shown. 

[0017] Thus, the cell using various positive electrodes was produced and the utilization factor of a positive 
active material was investigated. After charging by the charging rate of 0.1C for 15 hours under 25, 35, 45, and 
each 55-degree C temperature atmosphere, it was left under 25-degree C temperature atmosphere for 3 hours, 
and discharged to 1.0V with the discharge rate of 0.2C under 25-degree C temperature atmosphere after that. 
The service capacity of the two-cycle eye under each temperature atmosphere of each cell which performed 
charge and discharge the above condition was calculated. The relation between S042- in the nickel hydroxide 
powder used for the positive electrode based on this and a positive-electrode utilization factor is shown in 
drawing 4 . The positive-electrode utilization factor was computed by the following formula. 
[0018] Positive-electrode utilization factor (%) = service-capacity (Ah) / positive-electrode geometric capacity 
(Ah) 

[0019] As shown in drawing 4 , when the amount of S042- decreases, it turns out that the utilization factor of 
the nickel positive electrode at the time of an elevated temperature improves. Especially, when the amount of 
S042- is 0.4% or less, 35 and the 45 or 55-degree C nickel positive-electrode utilization factor are stable. 
Moreover, when the amount of S042- is 0.2% or less, it falls and wears to an uniformly near value, and Lycium 
chinense is known. Therefore, it is a book if the amount of S042- is 0.4% or less. 
[0020] Next, the charge and discharge which charge by the charging rate of 1C under 25 or 45-degree C 
temperature atmosphere for 1.3 hours about No. 1 of the S042-content shown in Table 1 and the cell of 4, 5, and 
7, and discharge to 1.0V with the discharge rate of 1C were repeated. Change of the service capacity 
accompanying charge and discharge is shown in drawing 5 and drawing 6 . clear from drawing 5 and drawing 6 
- as - No. - 1 or 4 cells showed 50% or more of early service capacity up to 800 to 900 cycle, as a result of 
maintaining high capacity and repeating a cycle life further, even if it passed 500 cycles in temperature 
atmosphere (25 degrees C and 45 degrees C) on the other hand - No. - about 5 or 7 cells, capacity fell 
gradually and service capacity became 50% or less of the first stage in 200 to 400 cycle Therefore, by reducing 
the amount of S042-, since the disorder of the crystal of nickel hydroxide decreased and the charge-and- 
discharge reaction has occurred uniformly, it is thought that the cycle life improved. Thus, when the amount of 
S042- of nickel hydroxide was made 0.4% or less, the charging efficiency under elevated-temperature 
atmosphere improved, and reinforcement became possible. In addition, if the direction with few amounts of 
S042- is more desirable and the amount of S042- becomes 0.3% or less in order to raise a positive-electrode 
utilization factor, a positive-electrode utilization factor will become 95% or more. 

[0021] «example 2» The spherical nickel hydroxide solid-solution powder which dissolved one sort or two 
sorts of elements chosen from the group which consists of cobalt, cadmium, zinc, and magnesium was 
produced. Production of this nickel hydroxide dissolved the sulfate of the element which is going to make the 
nickel-sulfate solution in an example 1 dissolve, and also is the same as that of an example 1. The amount of the 
dissolution element of nickel hydroxide and the amount of S042- which were obtained are shown in Table 2 
[0022] 
[Table 2] 
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(96) 




No. 


C o 


Z n 


C d 


Mg 


S 0 4 2- 


1 1 


0 


0 


0 


0 


0.3 0 


1 2 


1 


0 


0 


0 


0.2 7 


1 3 


0 


1 


0 


0 


0.3 2 


1 4 


0 


0 


1 


0 


0.3 1 


1 5 


0 


0 


0 


1 


0.3 0 


1 6 


0 


0 


0 


0 


0.2 8 


1 7 


1 


1 


0 


0 


0.2 5 


1 8 


1 


0 


1 


0 


0.3 2 


1 9 


1 


0 


0 


1 


0.3 0 



[0023] These nickel hydroxide powder, cobalt powder, cobalt hydroxide powder, and zinc-oxide powder were 
mixed at a rate of the weight ratio 100:7:5:3, and various positive-electrode boards were produced like the 
example 1 . And the cell for an experiment was produced using each positive electrode. These cells were 
charged by the charging rate of 1C for 1.3 hours under 25, 35, 45, and each 55-degree C temperature 
atmosphere, and the charge and discharge which discharge to 1.0V with the discharge rate of 1C were repeated, 
and when it deteriorated 50% to early service capacity, it considered as the battery life. The result which 
investigated the cycle life is shown in Table 3. 



[0024] 
Table 31 






No. 


2 5X; 


3 5^ 


4 5"C 


5 5t 


1 1 


9 0 0 


7 6 0 


6 5 0 


4 5 5 


1 2 


9 8 0 


8 5 0 


7 2 0 


5 5 0 


1 3 


9 7 5 


8 4 0 


7 1 5 


5 3 0 


1 4 


9 9 0 


8 6 0 


7 2 5 


5 5 5 


1 5 


9 5 0 


8 5 5 


7 3 0 


5 5 0 


1 6 


9 5 5 


8 6 0 


7 2 0 


5 4 0 


1 7 


9 6 0 


8 3 5 


7 1 0 


5 3 0 


1 8 


9 7 5 


8 4 5 


7 0 5 


5 2 0 


1 9 


9 8 0 


8 6 0 


7 2 0 


5 2 0 



[0025] Compared with that to which cobalt, cadmium, zinc, and the cell that used for the positive electrode the 
nickel hydroxide which dissolved one or more sorts of elements among magnesium are not dissolving these 
elements at all, the cycle life under elevated-temperature atmosphere is improving so that clearly from Table 3. 
Thus, by adding a dissolution element to improvement of nickel hydroxide, the long lasting cell whose capacity 
was stable under a broad temperature atmosphere can be built. Although the above-mentioned example showed 
what dissolved one sort and two sorts of elements of cobalt, cadmium, zinc, and the magnesium, even when 
three or more sorts of elements are dissolved, it cannot be overemphasized that the same effect is acquired. 
[0026] 

[Effect of the Invention] As mentioned above, according to this invention, high capacity is obtained by the 
broad temperature requirement, and the nickel positive electrode for alkaline batteries excellent in the cycle life 
can be offered. 



[Translation done.] 
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~ * # NOTICES V 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The nickel electrode active material for alkaline batteries characterized by the sulfuric-acid solution 
rootless [ from the nickel hydroxide powder produced from the nickel sulfate ] and contained during a crystal 
being 0.4 or less % of the weight. 

[Claim 2] The nickel electrode active material for alkaline batteries according to claim 1 to which the 
aforementioned nickel hydroxide is dissolving cobalt, cadmium, zinc, and at least one sort of elements chosen 
from the group which consists of magnesium. 

[Claim 3] The nickel positive electrode for alkaline batteries characterized by being the paste formula nickel 
positive electrode which consists of a base material of the electrical conductivity which supports the active 
material mixture and this which make nickel hydroxide powder a principal component, and the sulfuric-acid 
solution which the aforementioned nickel hydroxide powder was produced from the nickel sulfate, and is 
contained during a crystal being 0.4 or less % of the weight. 

[Claim 4] The nickel positive electrode for alkaline batteries according to claim 3 where the aforementioned 
nickel hydroxide is dissolving cobalt, cadmium, zinc, and at least one sort of elements chosen from the group 
which consists of magnesium. 



[Translation done.] 
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